Synthesis of angular polycyclic phenoxazine derivatives incorporating different phenols is reported in 30-99% yields. O-arylation of 6-chlorodibenzo[a,j] phenoxazin-5-one with a variety of electron-deficient, electron-neutral and electron-rich phenols under the catalytic palladium (II) acetate/ t-BuXphos system furnished the compounds of interest. The highest yields were obtained when the intermediate was coupled with electron-rich phenols. IR, 1 H-NMR, 13 C-NMR and Mass spectra data, confirmed the structures of all the synthesized compounds. Study on the in vitro biological evaluation of the compounds against microorganisms revealed that they are potent antibacterial and antifungal agents, as they showed significant biological activity against Staphylococcus aureus, Streptococcus pneumonia, Escherichia coli, Salmonella typhi, klebsiella pneumonia, Pseudomonas aeruginasa, Basillus substilis, Candida albicans and Aspergillus niger.
INTRODUCTION
The continuous interest in functionalization of phenoxazine ring system has been attributed to the versatile and broad applications of the phenoxazines 1 especially as dyes 2 and drugs 3 . For example, Grzelakowska et al., synthesized several benzo[a]phenoxazine dyes containing molemide moiety 4 . Recently our group reported the synthesis of novel deeply coloured mixed phenothiazine-phenoxazine dyes 1 . Iweta et al., reported the synthesis of 2-amino-4,4α,7-dimethyl-3H-phenoxazine, which had antiproliferative, immunosuppressive, antibacterial, and antiviral effects 5 . Benzo[a]phenoxazine derivatives prepared by reacting vitamin-K3 and 2-aminophenol were found to possess significant cytotoxicity against MCF-7 6 . Odin et al., also synthesized 1-amino-7-methyl-2,4,6,8,9-penta-azaphenoxazine found to possess good anti-inflammatory property 7 .
Diazabenzo[a]phenoxazine derivatives containing sulphonamide derivatives synthesized by our group exhibited antibacterial and antifungal activities against the tested organisms 8 .
Phenoxazine ring system is a vital component of various drugs employed in medicine as anti-tumor, sedatives, antiepilectics, antiinflammatory, antibacterial, tranquilizers, antituberculosis, anti-depressant, and antioxidant [9] [10] [11] . They are also used industrially as acid-base indicators, laser dyes, biological strains, and chromophoric compounds 12 . In recent development, phenoxazines have been found very useful in the material sciences in form of organic light-emitting diodes 13, 14 , thin film transistors 15 and electrochromatic materials 16 . Their utility in these areas are attributed to their ability to undergo reversible oxidative reaction that leads to characteristic absorptions 17 . The extended conjugation observed in polycyclic phenoxazine, which often shows intense luminescience upon UV-Visible excitation has led to their utility as electrophore probes in supramolecules 1 . Apart from afore mentioned, phenoxazines are important component of some natural products such as ommatin D, actinomycin, questiomycin and cinnabarins. Questiomycin and actinomycin antibiotics have notable anti tuberculosis and anti-tumor activities respectively 12 . Recently, Wang and his coworkers reported the isolation of actinomycins A from marine Streptomyces, which exhibited cytotoxic and antibacterial activities against human cancer cell lines and Staphylococcus aureus and Enterococci strains respectively 18 .
Despite the several literatures on linear and angular phenoxazine derivatives, the chemistry of angular polycyclic phenoxazine ring has remained grossly underexplored. In continuation of our interest in phenoxazine chemistry, we report a facile synthesis of new angular polycyclic phenoxazine compounds containing phenoxazine-phenol conjugate.
ExPERIMENTAL

General
The reagents used in this work were of analytical grade. No further purification was done before use. The synthesized compounds were characterized at Department of Chemistry, School of Science and Engineering, University of Wakato, Hamilton, New Zealand. Determinations of melting points were done with the Gallenkamp melting point apparatus, Model No. 8899339 and they were uncorrected. Ultraviolet-visible spectra determination was done in ethanol, using the Shimadzu UV-1800 spectrometer. The absorption maxima are given in nanometers (nm) with log in parenthesis. Shimadzu 8400s Fourier Transform Infrared (FT-IR) spectrophotometer was used to determine the infrared spectra. The absorption is specified in wave number (cm -1 ). The 1 H NMR and 13 C NMR spectra determinations were carried out in CDCl 3 via Bruker Avance DRX400 MHz spectrometer. The chemical shifts were recorded in δ-values (ppm) relative to tetramethylsilane. The mass spectra data were obtained in CH 3 OH, using high resolution Bruker Daltonic with electron spray ionization mode and positive ion polarity.
Synthesis of 6-chlorodibenzo[a,j]phenoxazin-5-one 3
1-Amino-2-naphtholhydrochloride 1 (7.2 g, 37 mmol) was dissolved in a mixture of DMF/ Benzene (100 ml) contained in a three-necked flask. Anhydrous sodium carbonate (3.92 g) was added to the mixture and heated to boiling temperature. 2,3-Dichloro-1,4-napthoquinone 2 (8.4 g, 37 mol) was then added to the mixture and refluxed on a water bath with magnetic stirring for 6 hours at a temperature of 80 o C. On cooling, the mixture was poured on crushed ice. The precipitate formed was filtered and air dried. Pure sample was obtained by recrystallization of the crude product from ethanolwater-mixture (2:1) to give dark brown powdery solid. The purity of the product was ascertained using thin layer chromatography. m.p. 199-201 o C (Lit. 200 o C) 19 . 
General procedure for synthesis of ploycycic phenoxazine derivatives 5a -i
An oven dried three necked flask fitted with a rubber septum was cooled to room temperature under a nitrogen purge. After removing the septum, palladium acetate (4.5 mg, 0.02 mmol, 2.0 mol%), ligand (0.03 mmol, 3.0 mol %), potassium phosphate (424 mg, 2,0 mmol), the phenol (1.2 mmol) and phenoxazine compound 3 (1.0 mmol) were introduced into the flask. The septum was replaced and toluene was poured into the flask through the septum. The flask was made air-tight with Teflon screw cap, and the mixture stirred at 100 -110 o C for 8 -10 hours.
The progress of the reaction was monitor by thin layer chromatography. At the end of the reaction time, the mixture was left to cool. Ethyl acetate (40 ml) was then added to the mixture, after which it was filtered and concentrated. The crude product was recrystallized from hot ethanol-water (2:1) mixture to obtain the pure sample. Compounds 5a-i were prepared following the general procedure. 
Synthesis of 6-(2-Aminophenoxyl)dibenzo[a,j] phenoxazin-5-one, 5a
The reaction of 2-aminophenol (0.131g, 1. 
Synthesis of 6-(4-isopropylphenoxyl)dibenzo[a,j] phenoxazin-5-one, 5b
The reaction of 4-isopropylphenol (0.161 g, 1. 
Synthesis of 6-phenoxyldibenzo[a,j]phenoxazin-5-one, 5c
The reaction of phenol (0.113 g, 1. 
Synthesis of 6-(4-methoxyphenoxyl)dibenzo[a,j] phenoxazin-5-one, 5d
The reaction of 4-methoxyphenol (0.148 g, 1. 
Synthesis of 6-(2-nitrophenoxyl)dibenzo[a,j] phenoxazin-5-one, 5f
The reaction of 2-nitrophenol (0.166 g, 1. 
Synthesis of 6-(3-aminophenoxyl)dibenzo[a,j] phenoxazin-5-one, 5g
The reaction of 3-aminophenol (0.130 g, 1. 
Synthesis of 6-(1-naphthoxyl)dibenzo[a,j] phenoxazin-5-one, 5h
The reaction of 1-naphthol (0.173 g, 1. 
Synthesis of 6-(4-chlorophenoxyl)dibenzo[a,j] phenoxazin-5-one, 5i
The reaction of 4-chlorophenol (0.154 g, 1. 
Antimicrobial activity study
The antimicrobial activity of the compounds was evaluated in form of minimum inhibitory concentration (MIC) against the tested microbes via micro-broth dilution method following the procedure stipulated by Clinical Laboratory Standard Institute 20 . The microorganisms in this study are Staphylococcus aureus, Streptococcus pneumonia, Escheria coli, Salmonella typhi, klebsiella pneumonia, Pseudomonas aeruginosa, Bacillus subtilis, Candida albicans and Aspergillus nigger. These are clinical isolates obtained from the Department of Pharmaceutical Microbiology and Biotechnology Laboratory, University of Nigeria, Nsukka. The standard antibiotics used were ciprofloxacin and fluconazole. The 500 µg/ml stock solution of the compounds was prepared by dissolving 10 mg of each compound in 20 ml of 50% DMSO. Different concentrations (100 µg/ml, 80 µg/ml, 50 µg/ml, 40 µg/ ml, 30 µg/ml, 20 µg/ml and 10 µg/ml), were obtained through serial dilution of the stock solution 20 . The molten agar plates with different concentrations of the compounds were allowed to gel. The plates were divided into nine equal parts with permanent marker. The test organisms were standardized using 0.5 MacFaland turbid equivalent. They were streaked on the segments, and labelled. The culture plates were incubated in inverted position at 37 o C for 24 h and at 25 o C for 48 h for fungi. After the due period of incubation, the plates were observed for sensitivity and resistivity of the organisms to the compounds, and further incubated for another 24 h at 37 o C, and 48 h at 25 o C to determine whether the activity was bactriostatic or bactriocidal. The observation was also recorded. The same procedure was carried out for the reference antibiotic drugs (ciprofloxacin and fluconazole).
RESULTS AND DISCUSSION
Chemistry
The synthesis of the novel polycyclic phenoxazine derivatives (5a-I) was accomplished by catalyst assisted cross-coupling reaction between 6-chlorodibenzo[a,j]phenoxazin-5-one (3) and various phenols (Scheme 2). The intermediate 3 was earlier prepared by refluxing equimolar mixture of 1-amino-2-naphtholhydrochloride and 2,3-dichloro-1,4-napthoquinone at 80 o C in the presence of anhydrous sodium carbonate. The dark brown crystalline solid was obtained after work-up and subsequent recrystallization from ethanol-water mixture. The cross-coupling reaction between compound 3 and electron-rich, electrondeficient and electron-neutral phenols, catalyzed by catalyst system consisting of palladium (II) acetate and t-BuXphos furnished the new polycyclic phenoxazine derivatives (5a -i) in 30-99% yields. The polycyclic phenoxazine derivatives were obtained in higher yields when the intermediate (3) coupled with electron rich phenols (4d, 4e and 4g). 4,5-Diamino-6-hydroxy-2-mercapto pyridine (4e) gave the highest yield (99%) due to presence of increase electron-donating groups. Compound 4a gave a lower yield than 4g even though they both contain electron-donating amino group. The low yield in compound 4a is probably due to steric effect. The effect of increase in conjugation is seen in the case of reaction of compound 3 with 1-naphthol (5h), which gave a better yield (74%) than phenol (60%).
On the other hand a low yield was obtained when compound 3 reacted with electron-deficient phenol 4i (48%). This is consistent with those earlier reported in literature 21, 22 . The observation may be due to the electron-deficient nature of the phenol (4i). 
Scheme 2. Synthesis of polycyclic phenoxazine derivatives(5a-i)
Spectra characterization
The UV-Visible spectra of compounds 5a-i showed a bathochromic shift in absorption maxima from 408 nm in compound 3 to 414 -509 nm, which is due to the extended pi-conjugation system in the molecules. The IR spectra of compounds 5a-i showed the characteristic C-O-C asymmetric stretching band of diaryl ethers at 1268-1295 cm -1 .
Additional band was observed in the spectrum of compound 5d at 1072 cm -1 due to C-O stretching of CH 3 -O. The peaks at 1665-1677 cm -1 observed in all the spectra correspond to the absorption band of carbonyl group (C=O), which forms O-hydroxyl aryl intramolecular hydrogen bonding as shown in Scheme 2. Compound 5a showed the expected asymmetric and symmetric stretching vibrations of the two NH bonds of aromatic primary amines at 3376 and 3306 cm -1 respectively. Similar peaks were observed for compounds 5e and 5g at 3402 and 3311 cm -1 , and 3372 and 3253 cm -1 respectively due to the NH vibrations. Compound 5f showed two characteristic bands at 1523 and 1330 cm -1 attributed to asymmetric and symmetric stretching vibrations of aromatic NO 2 group. The weak band around 2580 cm -1 in the IR spectrum of compound 5e was attributed to the S-H stretching of thiols. The C-H stretching of CH 3 was observed at 2980 cm -1 in the spectrum of compound 5d. The bands at 1369 and 1325 cm -1 in the spectrum of compound 5b were attributed to C-H stretching of C-CH 3 group of isopropyl in the compound.
The assigned structures for the synthesized compounds were further supported by the NMR spectra of the compounds. The aromatic protons showed multiplet peaks at range of δ 7.00-8.03 ppm. Compound 5a showed a singlet peak at 3.70 equivalent to 2H. This peak was attributed to NH 2 protons. Similar peaks were seen at 5.98 and 3.72 in the spectra of compounds 5e and 5g respectively due to NH 2 protons. A doublet at 0.89-0.91 equivalent to 6H of two methyl group was observed in the spectrum of compound 5b. The protons of methoxy group in compound 5d were observed as singlet at 3.80.
The mass spectra data of compounds 5a-i can be seen in the experimental section. The molecular ions are in agreement with the proposed molecular formula of the compounds. 
Antimicrobial activity
The compounds showed good and varying inhibition activity against the test microbes. The MICs of the compounds are presented in Table 1 . The MIC values of the compounds ranges from 20 to 100 µg/ mL while those of ciprofloxacin and Fluconazole was 30 µg/ml. Although ciprofloxacin and fluconazole were more active than most of the synthesized compounds, it was apparent that some of the compounds have MIC (30 µg/ml) comparable to those of ciprofloxacin. It is also noteworthy that compounds 5e and 5g (MIC = 20 µg/ml) showed better activity than ciprofloxacin (MIC = 30 µg/ml) against Bacillus subtilis and Escheria coli respectively. Pseudomonas aeruginosa was resistant against most of the compounds except compounds 5h and 5i. Streptococcus pneumonia was only affected by compounds 5c, 5d, and 5i. All the compounds were active against Escheria coli, Bacillus subtilis and Candida albicans with MIC values ranging from 20 to 80 µg/ml. It was also observed that the compounds were bactriocidal. These compounds can actually serve as leads for antimicrobial drugs especially against bacterial strains. 
CONCLUSION
S e r i e s o f n ew a n g u l a r p o l y c y c l i c phenoxazines containing electron-rich/electrondeficient/electron-neutral phenols have been synthesized via palladium (II) acetate/t-BuXphos assisted cross-coupling reaction. The coupling transformation occurred smoothly in non-polar solvent giving good to excellent yields. The polycyclic phenoxazine derivatives were found to have significant biological activities against Staphylococcus aureus, Streptococcus pneumoni, Escheria coli, Salmonella typhi, klebsiella pneumonia, Pseudomonas aeruginosa, Bacillus subtilis,Candida albicans and Aspergillus nigger. Some of the compounds have activity comparable to that of standard Ciprofloxacin drug. Hence they can serve as potential lead for antibacterial drugs.
